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[57] ABSTRACT 

The object of the invention is to provide an improved 
laser altimeter for a flight simulator which will allow 
measurement of the height of the simulator probe above 
the terrain directly below the probe tip. 

A laser beam 22 is directed from the probe 13 at an 
angle B to the horizontal to produce a beam spot 20 on 
the terrain. The angle B that the laser beam 22 makes 
with the horizontal is varied so as to bring the beam spot 
into coincidence with a plumb line 18 coaxial with the 
longitudinal axis of the probe 13. A television altimeter 
camera 30 observes the beam spot and has a raster line 
aligned with the plumb line 18. Spot detector circuit 26 
coupled to the output of the TV camera monitors the 
position of the beam spot relative to the plumb line 18. 
An error signal is produced by computer 28 driving, via 
a servo motor 23, the laser beam optics so as to cause 
the beam spot to come into coincidence with the plumb 
line 18. At coincidence, computer 28 looks up in a table 
the altitude of the probe for the given angle B and reads 
out the altitude to an altimeter readout 31. 

11 Claims, 9 Drawing Figures 
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SIDELOOKING LASER ALTIMETER FOR A 

FLIGHT SIMULATOR 

ORIGIN OF THE INVENTION 5 

The invention described herein was made by an em- 
ployee of the U.S. Government and may be manufac- 
tured and used by or for the Government for Govern- 
mental purposes without the payment of any royalties 
thereon or therefor. 

TECHNICAL FIELD 

The technical field of the present invention relates in 
general to laser altimeters for flight simulators. 
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BACKGROUND ART 

Heretofore a laser altimeter system has been pro- 
posed for determining the altitude of a flight simulation 
probe over a model board. Such a prior art system is 
disclosed in an article entitled, “Probe Protection In 20 
Camera/Model Visual Systems” appearing in the Pro- 
ceedings of the 1980 Summer Computer Simulation 
Conference, Olympic Hotel, Seattle, Wash., Aug. 
25-27, 1980. 

In this system, a laser beam is directed vertically from 25 
the flight simulator TV camera probe along a side of the 
probe to strike a point on the model board radially 
displaced from a point directly below the center line of 
the probe, hereafter referred to as a plumb line. The 
incident beam produces a beam spot on the terrain of 30 
the model which is thence imaged onto a linear array 
sensor. As the height of the probe is varied, while hold- 
ing the probe otherwise stationary, from a point of 
minimum altitude to a point of maximum altitude the 
beam spot traverses a vertical imaginary line focused 35 
onto the linear array sensor. The position of the imaged 
beam spot along the linear array sensor is representative 
of altitude. A major problem with this system is that the 
altitude being measured is not the altitude of the probe 
(altitude measured along the plumb line) but rather the 40 
altitude of the laser beam source which is displaced 
horizontally from the probe. The actual distance be- 
tween the plumb line and the laser beam must be multi- 
plied by the scale of the model. Error will be produced 
whenever the terrain elevation at the plumb line differs 45 
from the terrain elevation at the laser beam. For exam- 
ple, an appreciable error would exist if the plumb line 
was over a depression and the laser beam impinged on 
a hill, mountain or tall building. 

Thus, it is desirable to obtain a probe height sensor 50 
which more accurately measures the height of the 
probe above the terrain directly below the probe. 

[STATEMENT OF INVENTION] 

DISCLOSURE OF INVENTION 55 

In the present invention, pilot altitude as represented 
by the distance h is measured by a technique that locates 
the point of intersection of the plumb line and the ter- 
rain (hereinafter known as the convergence point). A 
laser beam is directed from the probe at an angle to the 60 
plumb line and coaxial with the longitudinal axis of the 
probe. The point where the beam strikes the terrain is 
varied by changing the angle of the laser beam relative 
to the longitudinal axis of the probe so that the beam 
spot is brought to a point on the longitudinal axis of the 65 
probe where it intersects the terrain. A TV camera, 
carried from the probe views the region below the 
probe and has a predetermined linear detection region. 
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such as a raster line, coaxially aligned with the image of 
the plumb line. A detection circuit receives the output 
of the TV camera and determines the position of the 
laser dot in the raster. Using this information, a com- 
puter determines the position of the beam spot relative 
to the plumb line. A resolver coupled to the laser beam 
angle control reads out the angular position 9 of the 
laser beam to a computer. The computer looks up the 
height of the probe in a look up table for the angle 0 of 
the laser beam. The measured height is then read out to 
an altimeter and to a flight simulation monitor station. If 
the laser dot does not reside on the plumb line, a com- 
puter directs a stepper motor to relocate the beam such 
that the dot will reside on the plumb line. If the opera- 
tive laser beam is unable to be relocated at the conver- 
gence point because it is blocked by a terrain obstruc- 
tion, an alternative laser beam at a different angle 
around the probe is selected. Also, if the TV camera’s 
view is blocked the computer selects an alternative TV 
camera. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic perspective view, partly in 
block diagram form, of an altimeter system for a flight 
simulator incorporating features of the present inven- 
tion, 

FIG. 2 is a longitudinal sectional view of the flight 
simulator probe and model board, 

FIG. 3 is a schematic transverse sectional view, 
partly in block diagram form, of a portion of the struc- 
ture of FIG. 2 taken along line 3 — 3 in the direction of 
the arrows, 

FIG. 4 is a schematic side elevational view of the TV 
camera optics for beam spot detection, 

FIG. 5 is a schematic block diagram of a laser altime- 
ter system incorporating features of the present inven- 
tion, 

FIG. 6 is a logic flow diagram for the computer pro- 
gram for the system of the present invention, and 

FIGS. 7, 8, and 9 are logic flow diagrams for subrou- 
tines of the computer program flow diagram depicted in 
FIG. 6. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring now to FIG. 1 there is shown a laser altim- 
eter system 11 for a flight simulator and incorporating 
features of the present invention. The flight simulator 
system includes a model board 12 comprising a scale 
model of terrain over which simulated flights are to be 
conducted. The pilot sits in a cockpit, not shown, and 
views a television screen displaying a view seen 
through a probe 13 movable with respect to the terrain 
of the model board 12 in accordance with flight control 
commands given by the pilot over the aircraft controls. 
The probe 13 is carried from a gantry, not shown, dis- 
posed over the terrain of the model board 12. Relative 
movement in three orthogonal directions, X, Y, and Z is 
obtained between the probe and the model board. In 
some embodiments, the gantry moves relative to a sta- 
tionary model board to provide movement in all three 
orthogonal directions, whereas, in other embodiments 
the model board is moved relative to the probe to simu- 
late flight. 

Referring now to FIG. 2, the optical system for the 
probe 13 is shown in greater detail. More particularly, 
the probe 13 includes an elongated barrel portion 14 
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projecting in the Z direction toward the model board. 

At the end or tip of the probe 15 there is a mirror 16 
which projects a visual scene corresponding to that 
which would be seen by the pilot, up along the longitu- 
dinal axis of the probe barrel 14 to a TV camera 17. The 5 
scene picked up by the TV camera is then transmitted to 
and displayed on a cathode ray tube outside the wind- 
shield of the simulated aircraft. The altitude h of the 
simulated aircraft is that scale distance from the mirror 
16 is taken along a plumb line 18 for the modeled terrain 10 
to a point of intersection of the plumb line with the 
terrain at 19. 

Referring again to FIG. 1, a laser 21 is carried from a 
frame coupled to and movable with the probe 13. The 
laser directs a pencil-like beam 22 of monochromatic 15 
nondivergent radiation of visible wavelength onto the 
terrain below the probe 13 having been deflected by 
pitchable mirror 35 to produce a beam spot 20 on the 
terrain. A servo motor 23 is coupled to the mirror 35 in 
such a way as to vary the angle 6 that the laser beam 20 
makes to the horizontal or XY plane of the model board 

12. The laser beam is rotatable about an axis of revolu- 

tion parallel to the horizontal XY plane and such beam 
being rotatable in a plane normal to said axis of revolu- 
tion, such plane also containing the plumb line 18. 25 

An altimeter TV camera optical system 30 is also 
carried from the probe frame. The altimeter TV camera 
system 30 includes some optics, not shown, and views 
the region of the model board directly below the probe 

13. The TV camera optics are such that the point of 30 
intersection of plumb line 18 with the model board 
surface is within the view of the TV camera system 30 
for all values of altitude h from minimum to maximum 
above the surface of the model board 12. 

A single raster line is made coincident with the plumb 35 
line 18 through appropriate mechanical alignment. An 
output from the altimeter TV camera 30 goes to a spot 
detector circuit 26 of the type similar to that disclosed 
in U.S. Pat. No. 3,320,360 issued May 16, 1967 entitled, 
“Television Tracking Error Detector”, for determina- 40 
tion of the location of the beam spot 20 relative to the 
plumb line 18. 

The output of spot detector 26 is fed to a computer 
28. This output consists of the raster line number and 
displacement along the raster line of all of the detected 45 
elements of the laser spot 20. The computer determines 
the location of the center of the laser spot 20 in the 
raster of the altimeter TV camera system 30. To be 
coincident with the end of the plumb line 18, the laser 
spot 20 must lie somewhere along the altimeter TV 50 
camera system raster line which was made coincident 
with the plumb line 18. The computer 28 compares the 
raster line number of the center of the laser spot 20 with 
the raster line number of the raster line which is coinci- 
dent with the plumb line 18. If the two are equal then 55 
the laser spot 20 must be located on the terrain at the 
end of plumb line 18 where it intersects the terrain. The 
exact length of plumb line 18 may then be determined. 

If the two are not equal, the laser spot 20 is not located 
at the end of plumb line 18 where it intersects the ter- 60 
rain. An error signal is generated which causes servo 
driver 27 to reposition laser spot 20 until the two raster 
line numbers are equal. The computer 28 also receives 
the angle 0 input from a resolver 29 mechanically cou- 
pled to the laser beam deflection system so that at the 65 
point of convergence of the beam spot 20 with the point 
of entry of the plumb line 18 into the terrain, the com- 
puter reads the 0 angle and looks up, in its look up table. 
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the value of altitude corresponding to the given values 
of altitude for various values of 0 as the probe is moved 
from a position of minimum altitude to maximum alti- 
tude over the model board. 

Referring now to FIG. 3 there is shown the optical 
distribution system for deriving the various laser beams 
and for televising the beam spot 20 on the model board. 
The laser 21 is affixed to a probe frame member 32, and 
directs its output beam through first and second beam 
splitters 33 and 34. Beam splitter 33 is arranged to direct 
the reflected portion of the beam downward along the 
Z axis whereas the other half of the beam passes 
through the first beam splitter 33, to the second beam 
splitter 34 which serves to further divide the beam into 
a first beam directed parallel to the X axis and a second 
beam of equal amplitude directed along the Y axis. Each 
of the beams outputted from the second beam splitter 34 
is directed onto a 45' angle mirror 35 for bending the 
respective beam by 90° toward the plumb line 18. Each 
of the mirrors is driven from a stepping servo motor 23 
about respective axes of revolution. In one instance the 
axis of revolution is parallel to the X axis and in the 
other to the Y axis and both are in the XY plane so as to 
cause the beams to be rotated within respective planes 
which are perpendicular to the XY plane and each of 
which includes the plumb line 18. A 0 angle resolver 29 
is coupled to each of the motor-mirror drive trains for 
giving an output determinative of the angle 0. 

The other half of the output of the first beam splitting 
mirror 33 is directed downward along the Z axis to a 
45° mirror, not shown, which thence directs the beam 
parallel to the Y axis to a second 45° mirror 37 and 
thence parallel to the X axis to another 45° mirror 38 
which thence directs the beam through a second beam 
splitting mirror 39 for splitting the beam into two equal 
components, one parallel to the Y axis and the other 
parallel to the X axis. The beams are then reflected off 
of respective 45° mirrors 35 driven from the stepping 
motors 23 which include resolvers 29. Thus, the second 
beam produces a pair of beams directed onto the model 
board 12 which are orthogonal to each other and which 
are 180° displaced from the first pair of beams. The 
beams are rotatable in the XZ and YZ planes, such 
planes each including the plumb line 18. The respective 
mirrors 35 are positioned such that their output beams 
will intersect the plumb line 18 at the point that the 
plumb line 18 intersects the surface of the model 12. 

The orthogonality between each of the laser beams is 
not a requirement. For example, it could be three beams 
at 120° angular spacing from each other with the cam- 
era optics similarly angularly separated from each other 
by 120° and being spaced at 60° angles from each of the 
respective beams. 

A pair of altimeter TV camera optics are carried from 
the probe frame structure 32 and are positioned at 180° 
intervals about an axis of revolution coaxial with the 
plumb line 18 and preferably at 45° angular spacing 
from the ZX or ZY planes but on the XY plane contain- 
ing the respective laser beams. This positioning of the 
altimeter TV camera optics 30 permits viewing of the 
respective beam spot 20 at the plumb line 18, regardless 
of various buildings, hills, or trees or other obstructions 
in the terrain of the model board 12. In other words 
there is some combination of laser beam 22 and altime- 
ter TV camera optics 30 which will permit viewing of 
the beam spot 20 at the plumb line 18 regardless of the 
obstructions represented by the terrain of the model 12, 
with the exception of a well or deep ravine. The laser 
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beams 22 which are not in use, i.e., three of the four are 
“parked” by rotating their respective mirrors 35 so as to 
project the beam spot 20 onto the probe body 41 or 42. 

Referring now to FIG. 4 there is shown one of the 
optical systems 30 for each of the TV altimeter cameras. 5 
More particularly, a condensing lens 45 receives the 
light emanating from the beam spot 20 and focuses the 
image of the beam spot onto the entrance plane 46 of a 
light pipe 47 such as a fiber optics bundle. The bundle 
47 may have a suitable length as of 3-5 feet to bring the 
image of the beam spot 20 to a convenient location of 
the TV camera 50, typically somewhere on the gantry. 
Another lens 48 receives the beam spot image at the 
output face of the light pipe 47 and converts the image 
into a beam of parallel light 49 which is thence directed 
through a narrow pass filter 51 having a pass band at the 
wavelength of the laser beam 22 so as to filter out unde- 
sired background illumination. The filtered beam is 
thence fed to a condensing lens 52 which focuses the 
beam spot image onto the receiving face of the TV 
camera 50. The input face of the light pipe 46 is cut at 
the Scheimpflug angle, as described in U.S. Pat. No. 
751,347 issued Feb. 2, 1904, so that the plumb line 18 of 
the probe is maintained in focus on the input face of the 
TV camera 50. 

Referring now to FIG. 5 there is shown, in block 
diagram form, the laser altimeter system 11 of the pres- 
ent invention. The output beam 22 of the laser 21 is fed 
through an optical distribution system 40 as shown in 
FIG. 3. One of the output beams 22 is selected and 
directed onto the terrain of the model 12 under the 
probe 14. The beam spot image 20 is picked up by both 
of the camera optical systems 30. Their output video 
signals are fed to a multiplexer 55. The computer 28 35 
selects one or the other of the camera optic systems 30 
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and feeds a control signal to the multiplexer 55 for con- 
trolling which one of the camera optic systems 30 is 
utilized. The output of the multiplexer 55 is fed to the 
spot detector 26 which tracks the image of the beam 
spot 20 relative to the plumb line 18 which is inputted to 
the computer 28 and thence outputted to the motor 
driver 27 and respective motor 23. In a typical example, 
the computer 28 comprises a Motorola 6800 Exorcisor. 
The resolver 29 outputs the angle 6 for the selected 
beam 22 to an analog-to-digital converter in the com- 
puter 28. When the computer 28 detects zero error, i.e., 
the beam spot is at the plumb line 18, the computer 28 
by its software looks up in a table the altitude corre- 
sponding to the respective angle d and outputs that data 
via a digital-to-analog converter to a driver 56 which 
thence inputs it to the altimeters or other read out de- 
vices 31. 

Referring now to FIG. 6, there is shown the logic 
flow chart for the software program for the computer 
28. FIGS. 7-9 depict the logic flow charts for program 
subroutines, namely, MOTOR MOVEMENT, DATA 
FETCH, and SCAN, respectively. The program listing 
is shown in Appendix I, below. 

One of the advantages of the laser altimeter system of 
the present invention for a flight simulator includes 
detecting the altitude of the probe above a position 
directly below the probe as opposed to a position dis- 
placed in the horizontal plane from the probe. This 
makes the concept inherently accurate. Secondly, the 
provision of angularly displaced laser beams 22 and 
camera optics 30 allows reading of the altitude regard- 
less of the obstructions represented by features in the 
terrain which might otherwise obstruct viewing of the 
beam spot. 


APPENDIX I 

Cl 0 0 . 1 , 0 0 0 Cl < 1 1 IKyKlKliaKIKlKXXXXXaKlUXlKIKlir^aKXHOKlUXOICKXJKXXXXlttX^IIHXXXXXXXlKIICK 



0 0 0 02 









LASER 


X 

00 030 

0 0003 






X 


OP 

CRATING 


X 

00040 

00 0 04 






X 


B 

YSTEM 


X 

oooso 

000 05 







0 0 060 

00 0 06 







NAM 

I.ASOP 




0 0070 

00007A 

,500 0 






ORG 

f.S000 




0 0 080 

00000 







OPT 

CRE, L, 

p:-43, L), LL 

E VO 


0 0090 

0 0 0 09A 

50 0 0 


01 

9F 

A 

CFONM 

FOB 

4019F 

c;onoe;:rge::nt fcas 

:TER line 

0 0 X 0 0 

0 0 OlOA 

so 02 


04 


A 

SMrtU 

ft::b 

4-4 

SMA 1 ... 1 ... 

MV'i 'mRi;:. 

BIIOLE) 

001 : 1.0 

0 0 01 1 A 

SO 03 


08 


A 

MDMV 

FCB 

*8 

MEo:i:uM 

MO I 1HE< 

l-SHOL.E) 

0 0120 

00 012A 

so 04 


1 0 


A 

I...GM9 

ft:;b 

T.10 

LARGE 

MV'E '111141;;: 

SHOI..E) 

0 0130 

0 0 0 1 ;;?A 

50 05 


03 

CF 

A 

EGAS 

FOB 

*03CF 

b.i:as f' 

OR AL'I'IM 

i. ZERO 

0 0140 

0 0 0 1 4 A 

5007 

71" 

i:;:i' 

41 

A 


(,:i_Fc 

itEF41 

SE'F UF' 

COI.E'JCT 

p:i:a ' ci 

0 0 ISO 

0 00 ISA 

50 0 A 

71' 

[;;r 

•*»3 

A 


CLR 

*EF43 




0 0160 

0 00 1-6A 

SO OD 

71- 

El" 

51 

A 


CLFv’ 

liEFSl 




0 0170 

0 0 0 :l. 7 A 

5010 

/V 

EF- 

53 

A 


CLfC 

*E:F53 




00180 

0 00 lOA 

501:1 

7!" 

i:;:i" 

40 

A 

1-1 


Cl-R 

®EF40 




0 0190 

000 19A 

so 16 

71' ' 

f;:f:' 

/yy 

M 


CLR 

$f:f 42 




0 0200 

ooo.;-OA 

so 19 

7F 

Ef 

so 

A 


CLR 

liCrFl'iO 




0 0210 

00 021 A 

SO 1C 


9C 


A 


l-OAA 

4*9C 




0 0220 

00022A 

so 11 ;;; 

D7 

El' 

' t'7. 



SFAA 

10:1 52 



.... 

0 0230 

0 0 0 2:iA 

S021 


0 4 


ft 


LDAA 

*4 




0 0240 

00 024 A 

SO 23 

i:;7 

i;::r 

s:i 

A 


STAA 

!|;e:fs3 




0 0250 

0 OOZSA 

0 

[;;7 

i:::i" 

43 



STAA 

itFF'43 




00260 

00026A 

5029 

/F 

E r ; 


A 


. CLR 

liLFSZ 

s'I e:ii=' I I 

ARDI-IAI/E 

SYS I EM 

0 0270 

00 027 A 



06 

' 

A- 


LOAA 

1 A 




oozao 

0 0 023A 

502!;:: 

i;:7 

i:: r ' 

'1 1 

A 


ST AA 

IT'.I 11 




0 0290 

00029A 

5031 

14/ 

EF 


A 


STAA 

it::i 51 




0 030 0 

00 030 A 

5034 

D6 

i:::i- 

:.fl 

A 


LOAA 

liFF 50 

CI...R' :e:n 

1 ERRUF'T 


0 0310 

on 031 A 

[in 37 

i::;6 

t:.F' 

.j*'. 

A 

f t. AC; 

I. DAA 

*ErS2 

i:n.i:i :i:a 

1. izi:;: eve 

NT' COUNTE'R 

0 0320 

00 032 A 

so 3 A 

U'\ 

20 


Fi 


ANOA 

IN-20 




0 0330 

0 0 0:>3A 

' t) '’7) 

2 

(1 A 

50 4 



Btro 

ou n or 

f:IjrF[..R 

E'ME - ir? 


0 0 3 1 0 

0 00 34 A 

5n:.!E 


:l 0 


A 


LDAA 

O'l-lO 


14: AE) ENA 

Mi 1'. 

0 0:'!50 

0 0 035 A 

50 4(1 

r;:./ 

e:'F": 


A 


STAA 

i|:r; t 52 





1 


4,391,514 


8 


7 


()().'! AO 

00036A 50T3 

7|::- 

E:F- 52 A 


CLR 

0 0370 

00037A 5016 

20 

El" 5037 


BRA 

0 0 3 BO 

0 0 033A 50-18 

?F 

5 3 3 A A 

nU'TI,..ClP 

CI...R 

0 03<;'0 

0 0 039A 5 OIF;: 

7(;:- 

5339 A 


CI..R 

0 0 'to 0 

OOOTOA 50 IE 

71- 

i::.|-7i A 


CLR 

0 0 '! :i. 0 

OOO-'IIA 5051 

B6 

FI"- i"i 


LDAA 

0 0'17.0 

000-12A 51)53 

\'.7 

i;::f7o a 


STAA 

0 0T30 

0 0 0 -1 3 A 5056 


06 A 


LDAA 

OO'F'-IO 

OOO'i'FA 5058 

B7 

e:f7i a 


STAA 

00 'ISO 

ooo'i5A 5 o;.f;: 

i;::d 

50A2 A 

G(T 

JSR 

OO-'FAO 

OOO-TAA 505E 

BD 

525A A 


JSR 

0 0-'F70 

OOOl/A 5061 

F'l;;: 

S306 A 


LDX 

0 0 '(SO 

000'(8A 506'( 

2/ 

OA ',‘1070 


BEG 

0OA?() 

0 0 0-'-|9A 5066 

7F 

5339 A 


CLR 

OOE^OO 

on 050 A 5069 

ac 

0 0 0 1 A 

F:n..rER 

CPX 

OO'JilO 

00 051 A S06C 

27 

ED 5 050 


BEQ 

00520 

00052A 506E 

20 

I't SOB'I 


BRA 

0 0530 

00053A 5070 

t!6 

0 :l, A 

ST'Al 

I...DAA 

005'(0 

0 005'FA 5072 

BO 

5339 A 


SUBA 

0 0550 

00 055 A 5075 

27 

05 507G 


BEQ 

0 0560 

00056A 5077 

7C 

5339 ) A 


INC 

0 0570 

0 0 057 A 'I/O /A 

20 

Dl"- 505D 


BF(A 

O05S0 

00 OSSA S07C 

71“ 

5339 A 

SEND 

CLR 

0 0590 

00059A 507F 

BD 

51/9 A 


JSR 

0 0600 

00 060 A 5082 

20 

D7 505B 


BRA 

0 0610 

0 0 061 A 508'i 

f:;c 

E/0 0 0 A 

RUN 

CPX 

0 0620 

00062A 5087 

27 

OC 5095 


BEQ 

0 0630 

00063A 5089 

86 

0 :l. A 


I..DAA 

0 0 610 

0006-TA 508B 

BO 

533 A A 


SUBA 

006Ei0 

0 0 065A 5()SE; 

2'. 7 

OD 509D 


BEQ 

0 0660 

00066A 5090 

7C 

533A A 


INC 

0 0670 

00067A 5093 

2 0 

C6 505I:'; 


BRA 

0 06E!0 

00068A 5095 

7F- 

533A A 

SETl 

CLR 

0 0690 

00 069 A 5098 

i:;:d 

525A A 


JSR 

0 070 0 

00 070 A 509B 

20 

be: 505B 


ERA 

0 0710 

0 0 0/1 A I/Ovl.) 

BD 

520 0 A 

DFCTVE 

JSR 

0 0720 

00072A 50A0 

20 

F:)9 505B 


BRA 

0 0730 

0 0 0/3A i/OA-: 

71 

':!i3S9 A 

COUECT 

CLR 

007-'i0 

0007TA 50A5 

71 

5b) '- j A Ai 


CLR 

0 0750 

00075A 50A8 

71 

5395 A 


CLR 

0 0760 

00076A 50 AB 

71 

5396 A 


CLR 

0 0770 

0 0 077A 5 oaf: 

71 

5',)l.>!l. 


CLR 

0 0780 

0007SA 5 OBI 

71 

53D2 A 


CLR 

0 0790 

i)0 0/9A 

71 

53D5 A 


CLR 

0 080 0 

0 0080 A 50B7 

i:.'6 

i;:.F 50 A 


LDAA 

0 0810 

0 0 081 A 501 :A 

!:)6 

{;)0 A 


LDAA 

0 0820 

00082A 50BC 

i:::7 

F'l '■ 52 A 


STAA 

0 0830 

0 0 0G3A 5or;:r- 

86 

I'T'- A 


LDAA 

0 0800 

0008-lA son 

F-6 

i:;;i'"ii a 


LDAB 

OOtiUO 

0 0 085A .JIOC'F 

2B 

39 5 OFF 


BMX 

0 0860 

00036A 50G6 

F F- 

5 3D 3 A 


SIX 

0 0870 

00 007 A 50C9 

FT“ 

53D3 A 


STX 

0 0880 

00088A 5 ore 

FF' 

!2:!D3 a 


ST-X 

0 0890 

0 0 009A 50(.:i- 

F F 

53D3 A 


BTX 

0 090 0 

00090A 5002 

FF 

53d::) a 


STX 

0 0910 

00091A 50D5 

FF 

53D3 A 


STX 

0 0920 

00092A 50D8 

r-F 

5:;)i:)!:! a 


STX 

OOV80 

00093A 50DB 

1" 1“ 

531.)3 A 


SIX • 

0 0900 

0 0 09'-) A 5 ODE 

FF' 

5;:SD3 ' A 


STX 

0 0950 

ooo9F,A ;,oi.:i 

1" F- 

53D3 A 


STX 

0 0960 

00096A SOFT 

FF' 

5;-)D3 A 


STX 

0 0970 

0 0 097A 50i:::/ 

F F 

53D3 A 


STX 

0 0980 

0 0 098A 50i::a 

FI ' 

S3D3 A 


STX 

0 0990 

0 0 099 A 5of::d 

FF' 

53d;;) a 


STX 

010 0 0 

001 OOA 5oro 

70 

53D1 A 


INC 

0 1 0 1 0 

OOlOlA 5 or,:! 

i:.ii 

53D1 A 


CMPA 

0 1 020 

00102A 501'.':. 

26 

G9 50 Cl 


BNt;; 

01030 

00103A S0F8 


0 0 0 0 A 


LDX 

OlOOO 

0010---1A !-,0FE:i 

FI'- 

S3i:)6 T\ 


SIX 

01050 

0 0105A son;:. 

39 



RTS 

0106!) 

0 0106A 5 OF F 

7F" 

e:i'-52 a 

f(e:ad 

CLR 

0 1 070 

00 107 A 5102 

l:'6 

FF 52 A 

CHECK 

I..DAA 

010 80 

00108A 510'/ 

i;m 

20 A 


ANDA 

01090 

0 01 Ova 5107 

27 

JA 5113 


BEQ 

0 1 1 0 0 

0 011 On 5109 

R/j 

1. 0 A 


LDAA 

0 1 1 1 0 

001 llA 51 OB 

B7 

EF52 A 


STAA 

0) 120 

00112A 5 1 OF 

B6 

FF'IO A 


L.DAA 

oil 30 

001 13 A 5111 

1 6 



TAB 

011-')0 

OOll'lA !/1 12 

iV\ 

FO A 


ANDA 

01 150 

0011 5A 511't 




LSRA 


f"l..AC RETURfF INITIAI... DONE? 

OTADu;; LINE ;::TAB:n...iTY c:i 

srts;i or NO ooi' i"'A!:;ge:!;; 

■i;EF7:i XN:)CTiAi,..:i:zr;: Moior:; i-ia 

*ef:’() 

*.r> 

$EE71 

COI...ECT GO GET DATA F-ROM VIDEO 

DIST GO GALC ALTITUDE 

DOT 

STAl IS DOT (NOT) THEFiE? 

STBl IE DOT/ CI..R ♦ NO DOTS 

GO SYSTEM ERROR, TF(Y AGAT:n 

RUN F(UN SYSTI.”:M WTII-I good DOT 

»:i. * OF- congi;;:q. no [>ot pass 

STBl 

SEND NO DOT TWTiCE? 

STBl ACI-C ONE NO DOT F-^'ASS 

GO 

STBl GI..R * OF NO DOT RASTiF-S 

FlUNT GO FlUF-n f"Of;; m:i;bst:ng dot' 

GO REHIFSN AND TF(Y AGAIN 

CONM RASTER L.iTNt;: STAE;. TEF/T 

SETl CONVERGErNT? 

ill FI.IT STAEiili;; B:I;T FIET'iE 

STABI..E 

[)r;i:ve is dot not conv? 

STABLE ACI-( NOT CFONV PA3‘;> 

GO RETURN AND TRY AGAIN 

STABLE 

DIST CALC D:TST' F"0R AI...TIM 

GO RETUF(N AND F^'F^OITESS AGATiN 

MOVE GO TO m:i:f;;ror adjust- e;fc. 

GO • RETURN AND FdlEF'ROCEI/S 

LDATA t;nit.t;ai...:i;/:ie data ret-us 

LDATA-H 

DOATA 

DDATAf 1 

COUNT 1 

NUMBl 

C0UNT2 

SEF50 GU^: u- waf(e; :i:nterrupt 

*'«;!() 

TiEraZ START F-IARDNARE RUNNING 

UnFF-F ijjop -n;ME:i( 

^lEESl CUECFE l-OFt DOT T:N riEFilFiUF'T 

READ t:f' si;;;e itot, f(!':ad data 

DUMMY PAD I..OOF- LlhE; 

DUMMY 
DUMMY 
DUMMY 
DUMMY ■ 

DUMMY 

DUMMY 

DUMMY 

DUMMY 

DUMMY 

DUMMY 

DUMMY 

DUMMY 

DUMMY 

COUNT l I’ OF NO DOT 1,00!>S 

COUNT 1 TFF- l.r.OOI"'F!? 

JMP2 RETURN AND TRY AGAIN 

#0 

DOT NO t)OT F-OUND 

RETUFiN -IC) MAIN E’ROG 
<TEF-52 STOP FIAEdYNAI-VF;: SYSTEM. 

itEF“5Z 

m20 CHECF< BUr-EEr^ NOT EMF’TY 

DGENTR ALL DATA IN, (^ET CNTR 

BIMO ENABLE FiEAD EENAIGE.E 

«:F52 

1iE:E-T0 GET WIDTH AND UFJPACK 

SAVE FOR FUTURE UNF^ACKING 
MASK QTFIlIi .THF-O 


4,391,514 


10 


9 


01160 

001 16A 5115 

00 



LFilJA 



01170 

00117A 5116 

■'vO 



LSRA 



01 ISO 

001 18A 5117 

81 

03 

1‘i 

CMF'A 

*3 

MINIMUM WIDTI-I 

OllVO 

00119A 5119 

2r 

23 51 

3e: 

BLE 

OISAF.: 

:i.F '100 SMAI..I..., sk:i:f' 

0120 0 

0ni20A 51 IB 

7D 

53i:)5 

A 

Tsr 

C0UNT2 

r".T:R!;;TOGOOD'F:w.i;DTH? 

0.1210 

0 0. 1:21 A 5 HE 


IB 51 

3B 

BNE 

JMP'i 

IF NOT, f;.;o 

01220 

00122A 5120 

i;;:6 

EF02 

A 

I..OAA 

iFEF'12 

FT:F«:iT GOOt:> l..IfTE 

01230 

00123A 5123 

'■{ 3 



COMA 



01200 

0012-1A 5I2'1 

137 

535A 

A MARK2 

STAA 

l.,.DATA(l 

STORE I...SB Of ' RASTER t..T:Nir 

0:1250 

0012SA 5127 

17 



TBA 



01260 

00 126 A 5123 

O'!) 



COMA 



01270 

00127A 512? 

30 

01 

A 

ANi:,'A 

*1 


01280 

00 128 A 51 2i;: 

Ei/ 

tlK.*'..'.' 7* 

A 

BTAA 

I...DATA 

FITOI^CE MSi;:: 111" F^ASTTIi L.TiNE 

01290 

00129 A 512E 

i::i6 

Ef so 

M 

LOAA 

ii:i::;F- 50 

(SET i:)T.srT...ACEMi:;:NT dat a 

01300 

00130A 51.31 

87 

5396 

A MAF<K3 

STAA 

DDATA+1 

STORE LSB OF DISPLACEMENT 

0:1310 

00131A 513^ 

17 



1BA 



01320 

ooi:;;2A 5135 

80 

OE 

A 

ANDA 

*!M)E 


01330 

00 133 A 5137 

00 



LSRA 



013'!0 

OOirHA 5138 

B7 

5395 

A 

STAA 

DO AT A 

' 

0135(1 

00135A 51 3B 

7G 

5305 

A JMPO 

,TMC 

C(:n.lNT2 

COUNT- * OF GOOD DO'FS 

01360 

00136A 513E 

7I" 

EES2 

A DISAB 

CIR 

tEf-52 

DIGAE;LE READ ENABLE 

0 :l 370 

00137A 51^1 

2(1 

BF- 5102 

BRA 

CHECK 


01330 

0013SA 51 '13 

C::6 

5305 

A OCENTR 

LDAA 

Cr.»UNV2 

* OF LINES W.T:TH A DOT 

0 1390 

00139A 51^6 

B7 

;i3DC 

A 

STAA 

WDCNT 


Ol^iOO 

OOl'lOA 51 •'(9 

F'E 

5359 

A 

I..DX 

I.DATA 

GET' F3:RST LINEf. * 

0 :i -'i 1 0 

001"UA Sl'^C 


5308 

A 

STX 

l,t:ne 


01020 

001'{2A Si'll" 

Fi;;: 

5395 

A 

LOX 

DDATA 

GET FIRST DT:SPLACEMENT 

01030 

001'(3A 5152 

pp 

53DA 

A 

STX 

MAX 


OJOOO 

OO.IOOA 5155 

70 

531 >«:• 

A 

LSR 

WDCNT 

DIO BY TWO (F OR CENTEFO 

01050 

001 'ISA 5158 

B6 

53D9 

A 

LDAA 

l:i:ne«i 

D. P. ADD FOR DOT CENTER 

01060 

(Hn6)6A 5158 

E:F: 

'SSOC 

A 

ADDA 

WDCNT 

I..GB ADD 

01070 

001 'I? A 515E 

B7 

5307 

A 

STAA 

DDTM 

GT'OI(E I...SB 

OlOBO 

0 0 I'll! A 5161 

B6 


A 

LOAA 

l.:i:ne 


01090 

00 109 A 5160 

8? 

00 

A 

ADCA 

to 

M!iB ADD 

0150 0 

O015OA 5166> 

B7 

5306 

A 

STAA 

DOT 

MSB STORE 

o:rrrJ.o 

0015:1 A 5169 

B6 

53D7 

A 

I...DAA 

DOTH 

- 

01520 

00 152 A 516C 

80 

01 

A 

ANDA 

*1 

TEST FOR ODD (NESS) 

01530 

00153A 51 6E 

27 

01 5: 

71 

BEQ 

ADDl 

ADD ONE IF eui;;:n 

01500 

00 150 A 5:1.70 




RTS 


RETT.JRN TO MAIN F'RtKiRAM 

01550 

no 155 A 5171 

1 

5F1D6 

A ADOl . 

LDX 

DOT' 

ADD ONE TO MAKE (IDl.) 

01560 

00156A 5 I/O 

os 



■ INX 



01570 

OOiS/A 5175 

\F 


A 

STX 

DOT 


0:l,5!:?0 

00158A 5178 

»:>V 



RTS 


FtETURN TO MA3.N F-R(.)(.;RAM 

01590 

00159A 5179 

ci::: 

001 F 

A HUN r 

LOX 

•ttF'F 


0 160 0 

00 160 A 517C 

ro"' 

530F- 

A 

STX 

:!:nf:i:n 

m;i:f<rof( at :i;Ni"'T.rait. dtgt 

01610 

0 0:1 61 A 517F 

ci;;: 

FB50 

A 

LDX 

t<tr B5't 


01620 

00162A 5182 

f:p 

53DD 

A 

STX 

7 .ER 0 

MIRROR- AT 7(;.R(.'i D.TSIANCb 

()i6>:;!0 

00163A 5185 

\:.\) 

50 A2 

A M2EI'iO 

JSR 

C 01 ...EC: I 

modi:: mirfcof? to 7I:.r(.) 

0160 0 

0 0160A *5188 

IE 

5306 

1 1 

LOX 

Di:;iT 

CHECK T:F a dot was SI:;LN 

01650 

00 165 A 518B 

26 

72 SIFT" 

BNE 

..JUMP 

RE r(.IRN TO MA.FN 

01660 

00166A 518D 

F!6 

FFOCi 

I'l 

LOAA 

<i:f:foo 


0 1 6:70 

00167A 5190 

01 



NOI' 



01680 

00 163 A 5191 

l■■l;;. 

E.FOO 

>• 

1 1 

LOX 

1;F;r" 08 

a lECK hIRROR FORI J JON 

0K690 

D0169A 5X‘:W 

II" 

53i;" 1 

A 

ST X 

LOCA 

ST ORE m::(F(R( ip 1 ( ioat i( n--! 

01700 

00 170 A 519/ 

r::.o 

53i;;;2 

(r't 

1 OAA 

1 or AM 

0 P. '.II.IFO'R FTTFT to zero 

01710 

0 0171 A 519A 

i:;oi 

53DE 

A 

SODA 

7FROM 

1 -'IIT ,ri!l.-nvAf.:T 

01720 

00172A 519D 

B7 

5;3E0 

A 

STAA 

■ orr r' -i i 

1, -,|; R| - ;l.n. T SH)(':l. 

01730 

00173A 51A0 

f;6 

53E1 

A 

LDAA 

LOCA 


01700 

00170A 51 A3 

E!!2 

5300 

A 

secA 

ZERO 

MSB SF.JBTRACT 

01750 

00175A 51A6 

i;;;7 

53i;-3 

A 

STAA 

D.IFF' 

STOF^E MSB RESULT 

01760 

00176A 51A9 

F"E 

53t:.3 

A 

LDX 

DIF'F 


01770 

00177A 51 AC 

21“ 

11 51BF 

BL.E 

M:tNE:i:N 

:iF LT ZERO MODE TO INFILN 

01780 

00178A 51AE 

71“ 

EfVO 

A 

CLF? 

*EF-70 

OTHERWISE MOVE TO ZERO 

01790 

00179A SlBl 

01 



NOP 



0180 0 

0 0 ISO A 51B2 

(11 



NOP 



01810 

00 181 A 51B3 

(11 



NOF-- 



01820 

00182A 51 BO 

01 



N8P 



01830 

00183A 5 IBS 

01 



NOP 



oicno 

00 ISO A 51B6 

01 



NOP 



01350 

00185A 51B7 

01 



NOP 



01860 

0 0186A 51E:8 

86 

88 

A 

LDAA 

♦$8S 


01870 

0 0187A 51i;;:a 

B7 

EF70 

A 

STAA 

4EF70 

MOVE m:error down 

01.SO0 

oo:i.88A.5ini:' 

20 

C6 5185 

BRA 

M7ERO 


01890 

00 189 A 51 BE 

F::D 

50A2 

A m;i:nI":i;n 

JflR 

C(.1I,.,ECT 

I..OOK FOR DOT 

0190 0 

0 0 190 A 5:lC2 

Fo;: 

5306 

A 

I...DX 

DOT 

DOT thf;f(if;? 

01910 

001 91 A 51 C5 

26 

38 5 

FF 

BNE 

.JllMP 

IF DOT THERE, RETURN 

0192'0 

00192A 51C7 

I-; 6 

FlFOti 

A 

IDAA 

i.i:;;fo8 


01930 

00193A 51C:A 

1 ) :l. 



NOF' 



().t9^IO 

oo:i.90A 5icn 

n,. 

El '08 

A 

1.DX 

1 .EFO 8 

(;,FI MIRROR POSH ION . 



4 , 391,514 


11 


12 


0:l.9S0 

00 195 A 5 ICE 

FI- 

53f::i 

A 

STX 

t.,OCA 

inoRE H:r:RROR f..ocat:i:on 

01960 

00196A 51D1 

FiA 

53E2 

A 

LDAA 

LOCA tl 

D. P SUBTR EOFi; DONE TEST 

01970 

00197A 5 IDT 

130 

53E(I 

A 

SUI3A 

:i;NF-:rM-M 

L.3B SOBI'FJACT 

01980 

0 0198A 5:ID7 

B.7 

53ET 

A 

ST A A 

DIFF-t-l 

STORE I...SB RESULT 

01990 

0 0199A 5 IDA 

BA 

53E1 ■ 

'A - 

I...DAA 

F..OCA . 


020 0 0 

00200 A 51DD 

B2 

53F)F- 

A 

SBCA 

xnf2i:n 

HSB SUBTFViCT 

02010 

00201A 51EQ 

137 

53E3 

A 

SIAA 

DIFT- 

SIORE MSB RESULT 

02020 

00202A 51E3 

ft:: 

53F;:3 

A 

1..DX 

DIF'F 

CHECK IF' DONE 

020S0 

00203A 51E6 

2C 

11 51F 

■9 

BGE 

DIE 

;i:f no dot, d:i;b: 

020^10 

0020TA 51E8 

7F 

EF70 

A 

CI.R 

$EF70 

MOVE MIRROR TO INFINITY 

020'50 

00205A 51EB 

01 



NOF-- 



02060 

0 0206A 51E:C 

01 



NOF- 



02070 

00207A 51 ED 

01 



NOP 



020 CO 

0020eA 51 EE 

01 



NOP 



02090 

00209A 51 EE 

01 



NOP . 



0210 0 

00210A 51E0 

01 



NOP 



02110 

00211A 51F1 

0 1 



NOP 



02120 

00212A 51F2 

86, 

A(3 

A 

F..DAA 

|TiA(3 


02130 

00213A 51 ET 

Fil7- 

EF-70 

A 

SIAA 

liFFF/O 

MOVE MIRR'OR 

021 TO 

0021TA 51F? 

20 

C6 51BF 

BRA 

ht.nf;i.n 

RF'FI URN AND LOOK FT.)R DO'( 

02150 

00215A 51F9 

86 

SF" 

A d:i.ff 

F..DAA 

♦l;3F 


02160 

0 021«SA 511-D 

B7 

51FE 

A 

STAA 

BK 


02170 

00217A 51FE 

01 


F3F< 

NOP 



02180 

0021UA 5 IFF 

39 


..JI.JHP 

R rs 




()2:i VO 0 ();:’:l,9 


02200 00220 * MIRF^OR HOVE <At)>JUST) SUBROUTINE )k* 

022:1.0 002;’l. 

, 1 f> r. i-.v f> i x . .. 


02220 


5200 

F:6 

■Of) 0 :f 

A MOVE 

LDAA 

C.ONV1 1 

D. P. SUBTR FOR III., 0. C. 

02230 

n (1 

5203 

BO 

5307 

Ai 

SOFIA 

DOTH 

1. D. c. ■-f..:i:nes off ce:nter 

02200 


',206 

B7 

53F T 


STAA 

F..OCM 

STORE I...SB RESUI...T 

02250 

0r:“'^"Sn 

'1209 

Fr,' 

50 0 0 

A 

L.DAA 

CXlfJ'l 


02260 

0 (.1 

52 OC 

F;2 

■53F)6 

A 

SBCA 

DO'F 

MFiB FlUBTRACT 

0 2270 

00227A 

520F 

f:;7 

53F'3 

A 

ilFAA 

I..OC 

sroFo;;: msb f'cesult 

02230 

00228A 

■5212 

:.'F' 

53F' 5 

t"i 

c;f.r 

MM 

CLEAR MO'FOR MCIVEMENF' VAR 

02290 

0 022VA 

5215 

F3F 

53F3 

A 

I..DX- 

I...OC 


0230 0 

00230 A 

5,.' 1 i-i 

y / 

::!F" 5i‘ 

159 

BF::a 

GOBCK 

NO MOVE IF' CONVERGENT 

02310 

00 231 A 

52 FA 

Gc; 

01 AO 

A 

CPX 

+#1A0 


02320 

00232A 

52:i D 

2 7 

3A 52 

59 

BEQ 

GOBCK 

SYSTEM EltROR FIUFFR 

02330 

00233A 

521 F 

F'f:' 

53F3 

A 

LDX 

F..DC 

GET LOG FOR BRANCH 

023T0 

0023'iA 

5'222 

?F: 

IB 5: 

3F 

BHI 

HVOF-' 

IF' L.OC NEC,. MOVE DOT l.lp 

02350 

0 0235A 

52"T 

ai 

20 

6i MVFIN 

l..,F)AA 

|7|i20 


02360 

00 236 A 

5226 

U7 

5',F 5 

A 

illAA 

MM 


02370 

00 237 A 

5229 

FT', 

5;:T F 

i*( 

JSR 

ci..(;;mv 


02380 

0 023CFA 

522C 

7F" 

El - ,7 0 

A 

CF..R 

i|iEF70 


02390 

0 0239A 

522F 

0 1 



NOP 



02T00 

0 02'^10A 

5230 

01 



NOP 



02T1 0 

0 02T1A 

5231 

01 



NOP 



02T20 

002T2A 

5232 

01 



NOP 



02T:-j0 

0 02T3A 

1 ,'>' 1 / ; 

01 



NOP 



02TT0 

0 02-TTA 

523T 

01 



NOP 



02T50 

002T5A 

5235 

01 



NOP 



02T60 

002T6A 

5236 

\:-6 

53F5 


EF)AA 

MM 

GE'r MO'F'OR MOVEMENT 

02T70 

002T7A 

52Fi9 

FI 7 

ef:7 0 

■A 

STAA 

l;EF.70 


02T80 

002TOA 

523C 

7E 

52'".9 

A 

JMP 

gobc;k 

REI'UFfN "(0 MAIN PROG 

02T90 

002TVA 

!,,23F" 

F3', 

53F- T . 

A MVI.IF' 

F..F)AA 

I...O(.M 1 


02'600- 

0 0250 A- 

52T2 . 

TO 



NEGA 



0251 0 

0 0251 A 

5J2T3 

B7 

53F T 

A 

S'l'AA 

i.ncMi 

ABSOUlt'E VAF..UF:: OF' LOC 

02520 

0 0252A 

V ,-.': ' 16 , 

BD 

52F'E 

A 

JSR 

cu::;mv 

' 

02530 

00253A 

52T9 

7F 

EF'7.0 

A 

CI..R 

liFTHO 

. 

0251 0 

0 025TA 

'52TC 

0:1 



NOP 



02550 

0 0255A 

52TF' 

0 1 



NOP 



02560 

0 0256A 

52 TE 

01 



NOP 



025::'0 

00257A 

52 TE 

01 



NOP 



02580 

0 0258A 

5250 

01 



NOP 



02590 

00 259 A 

5251 

0 1 



NOP 



026,0 0 

00 260 A 

5252 

01 



NOP 



02610 

0 0261A 

5253 

B6 

53F'5 

A 

I...DAA 

MM 

GIFT MOTOR MOVEMENT 

02620 

00262A 

5256 

FI 7 

EF70 

A 

STAA 

fFF’70 

STORE IN MOTOR PIA 

02630 

00263A 

5259 

39 


GOBCF6 

R'IS 



026 TO 

0026TA 

525A 

F16 

EF'08 

A d:i:st 

LDAA 

JiEFOO 


02650 

00265A 

5250 

0 1 



NOP 



026,6.0 

00266A 

525F 

FF 

FFFOB 

A 

t.r>x 

*EF OO 

GE'v m;i:rror voi..tage 

02670 

00 267 A 

5261 

F'F- 

53f::f" 

A 

S'lX 

M.TF,'AD 

s'lORE :i:n mirror a/d 

026B0 

0 026OA 

526T 


53F0 

A 

I...F>AA 

■Mj:K'AF:if. 1 • 

D. p. ADD- m;i:rrdr- a/d PI..US 

02690 

0 (1269A 

5267 

GB 

F'F 

A 

ADf>A 

■*T>F'F 

1i3l-'F <b'.j;as for 'VABLE> 

02700 

0 0270A 

5269 

F::7 

53F2 

A 

STAA 

T(:)fsf;:t»i 

S'TORE t..SB IN TABF..E OF"FSET 

02710 

00 271 A 

526C 

B6 

53i;::f" 

A 

i.j::>aa 

MIRAD 


02720 

00272A 

526.F' 

09 

03 

A 

AF'ICIA 

*3 ' 

MSB ADD 

02730 

0 0273A 

5271 

B7 

53F"1 

A 

SIAA 

TPF'SET 

STORE MSB :i:n rAF:a..E OFFSE'r 


4 , 391,514 
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02/-'i0 

0 027OA 

52/0 

B6 

53F"2 

«27'3() 

002/5A 

527/ 

BB 

.:;3F2 

02/ A 0 

002/AA 

-22 2 A 

b::” 

53F2 

027/ (1 

0 02/ 7 A 

5270 

B6 

•031- • :l. 

02/0(1 

(1 02/8 A 

v;j2; 

B9 


02/V0 

0 0 2:79 A 


B7 

1 

02800 

00 280 A 


B6 

53F'I 

02S1.0 

002B1A 

5289 

OB 

/ ' 'j 

02B20 

00 282 A 

52Sf:; 

B7 

53F"1 

02830 

0 0 2.93 A 

528 it: 

F-F 

53F1 

02S-T0 

(HI 290 A 

5291 

n- 

!=>295 

0280(1 

00 285 A 

5290 

n: 

700 0 

020 AO 

0028AA 

5297 

r I-' 

53f 6 

028/(1 

tH)28/A 

5 29 in 

IF 

■. ti: 9 

02B90 

002S8A 

529D 

f:;6 

53F7 

02090 

0 0289 A 

52 AO 

BFI 

50 06 

02900 

00 290 A 

52A3 

B7 

ri3i"'7 

029:1.0 

00 2 9:1. A 


F56 

'■>7i“6 

02970 

0(i292A 


i:.:v 

50 05 

02931) 

0 0298 A 

52 nC 

B7 

531- 6 

029 'HI 

0 (12'50 




02950 

00295A 

52A1- 

B6 

53F 6 

029A0 

0079AA 

52BV' 

00 


029/(1 ■ 

0 0297A 

521 

i--- " 


02980 

00 298 A 

52B6 

B6 

u3!"7' 

029'.n:) 

00 299 A 


,rt 


030 0 0 

00300 A 

521 : A 

Fii7 

h'3f 9 

030:1.0 

(,l (.130 I A 

52BD 

B6 

53F/ 

0302(1 

0 03 02 A 

52C0 

BB 

531-9 

030.30 

00303A 

52C9 

B7 

531 : 3 ;:; 

030 'Ul 

0 0300 A 

52C5 

B6 

53T'8 

03030 

0 030 5 A 

52C9 

B9 

531“' 6 

030 AO 

0(1306A 

52 CC 

B7 

53FA 

030/0 

0030/ A 

52CL 

F"E 

53FA 

03080 

(i o::;o8A 


n ■ 

i:::f2o 

03090 

(1 030 V A 

5i.'l 

ff: 


03:1. 0 0 

0 03 10 A 

52D8 

FF' 

i;;.F2o 

031 1. 0 

0031.1 A 


B6 

€F0C 

03120 

0 (13 1.2 A 

52DI;;: 

01 


03130 

0 0313A 

52l..'l ■ 

FF 

i;:;foc 

0310 0 

0 CI3IOA 

52E2 

IF' 

53f::f:; 

031B0 

0 0315A 

52L5 

e;f> 

'/:| a 

031 AO 

0031AA 

52L8 

BO 

531 . 1 ; 

03170 

0 031 /A 

52TB 

B7 

551 1 

03180 

0 0318A 

52 IF 

B6 

53i:.;9 

03190 

(.10 319A 

52F1 

B2 

53F.F;; 

0320(1 

()0320A 

521 0 

B7 

53i:::d 

0321 0 

0 0321 A 

521"'/ 

F'E 

531" D 

0322(1 

0 0322A 

52I”A 

FI"' 

1 ; f:22 

03280 

0i:r:::23:A 

521 D 

3'' 


032'(0 

00320A 

521 F 

B6 

53T 0 

03250 

0 0325 A 

u 1 

B1 

3i) i.i2 

032A0 

0032AA 

53 0 '( 

2D 

2 / b 

032/0 

0 0 32/ A 

5306 

B:l 

5n(.7J 

03280 

0 (I328A 

5309 

2D 

\U 

03290 

0 0329A 

53 OB 

B1 


0330(1 

00330 A 

53 of: 

2D 

( .lA ' 7 ; 

03310 

0 0 331 A 

o 

86 

80 

033:20 

0 0332A 

53:1.2 

1 

53T'5 

03330 

0 (!33:;iA 

53 -| 5 

IB 


()33'T0 

0 0330 A 

53 1 6 

I-: 7 


03350 

0 0335 A 

53 19 

^•>‘9 


033AO 

0 0336 A 

531 A 

86 

<V3 

03370 

00 337 A 

531 C 

F- 6 

" i'.j 

03300 

0 0 338 A 

5311' 

IFi 


03390 

0 0339A 

5320 

B7 

5 31- '5 

()3'IOfl 

0 0 300 A 

*j323 

06 

! -2 

03010 

0 0301 A 

sjE//''.’-'.'.' 

F6 

33f'3 

(I3'120 

0 03'12A 


IFJ 


03030 

()03O3A 

5329 

f;:.' 

53F5 

03000 

0 (1 ::!OOA 

532C 

39 


03050 

00 305 A 

532D 

86 

8.1. 

(13OA0 

(103O6A 

532F 

F6 

53F5 

030/0 

0 0307A 

5332 

IB 


0308(1 

0 0 308 A 

5333 

B7 

53F5 

03090 

0 030VA 

5336 

39 


03500 

00350A 

5337 


0 002 

03510 

0 0351. A 

5339 


0 0 0 1. 

0352(1 

0 0 352 A 

533A 


0 0 0 1 


A 


1. DAA 

Torsm >1 

A 


ADDA 

TDI SI I ' .1 

M 


STAA 

TOFSF T » 1 

A 


I.OAA 

■n;)in:;i;::T 



AFiCA 

TTlI'Sin 

A 


SIAA 

nil-;: FT 

A 


I...DAA 

TDI ' 1 I 

A 


ADDA 

fl'T/5 

1 1 


STAA 

tof-bi:;;t 

A 


I..DX 

TOF"si;;;i 

A 


STX 

FI...ACI 1 1 

A '* 

T 1. AGl 

I...DX 

:l;/0i)0 

A 


SIX 

TFmT'2 

ft 


SIX 

FT'-l 

A 


i...i::iAA 

TEMI"'2t:l. 

A 


ADDA 

BT AS * 1 

A 


STAA 

TEMP2-t 1 

A 


I...DAA 

rEMI-'2 

. i-'i 


adc:a 

tlTAS 

A 


S ? Am 

■TFM(--2 


* Mi ll... Tiir-i.. Y T;V 

1. 5 TO Al 

A 


I...DAA 

TFI.MIAF 

in 


STAA 

IEMI'3 

A 


I...DAA 

'/T'l'lt 1 

A 


9 “(A A 

lTMF-:j« 1 

A 


I..DAA 

TL MT’2; 1 

A 


ADDA 

TEMP3M 

A 


STAA 

INSOI.IT+1 

A 


LDAA 

TEMFU 

ri 


AOCA 

TEMP2 

A 


STAA 

INSDUT 

A 


LDX 

T;N501.JT 

A 


STX 

TiEF20 

A 


L..DX 

ERl. 

A 


STX 

T.EF20 

A 


LDAA 

NOP 

HFFOC 

A 


LDX 

$EF OC 

A 


SIX 

ER2 

A 


LDAA 

f;;rhi 

A 


SUBA 

ER2-H. 

A 


STAA 

ERROR* 1 

A 


LDAA 

ERl 

A 


SBCA 

ER2 

A 


STAA 

FIRRCIR 

A 


LDX 

LRROR 

A 


SIX 

RTS 

i|iEFU2 

A 

CI..CMV 

I..DAA 

I...OC*l. 

A 


CMT-A 

SMMV 

:)2D 


e:;i...t 

SMAL.L. 

I) 


CMPA 

MDMV 

:i2;J 


BI...T 

mf;d 

y) 


CMPA 

L.CMV 

;ii A 


BL'T 

L.ARGI:;: 


l...(5G'T 

LDAA 

i *80 

A 


I...DAB 

ABA 

MM 

in 


STAA 

RTS 

MM 

A 

i..,arqf: 

I...DAA 

**83 

A 


F.DAB 

ABA 

MM 

A 


STAA 

MM 

A 

MFD 

I...DF 1 A 

#*82 

r‘» 


I..DAB 

ABA 

MM 

A 


STAA 

RTS 

MM 

A 

SMALL 

LDAA 

iMBl 

A 


LDAB 

ABA 

MM 

A 


STAA 

RTS 

MM 

A 

VARI 

RMB 

2 

A 

STBl 

RMt; 

1 

A 

STAi;:;i 1 ; 

FcMB 

1. 
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Ml ll„ I/i IV-^Pl.t-Far- FSr TYtSYWTWO 
FOR 0. P. t)ATA 
STor;:i:;: i-SP 

AMD 

S; I ni’:E MSB 

AMD 3:n rAi;:i.,E in:i:t3:ai.,ize 

I.OCA'CE TARLE AT T.70 0 0 

STORi;;: ;i;n MSi;-i 

fv:i;n' tABLE oFr'SE:! 

t:n,.if:ct ;i;n data retr ldca 

GET DUlflJT DAIA IH'^OM ■lAEa.E 

STor^i;:: to do t;;x:A3 t scyiLE 
STOi<E FOP: FTjrFOR c:ai...c 

ADD (...SR BIAS FACOOK 
L.3i;;: ADD 

BIXJRE IITAGED L.Sr;! 

ADD MSB B.TAS F- ACnOR 
STORE FTTASTB M;TB 
•F-RDX SCAI E Ol.nT'in «* 

(in' MSB 01- <,'01. r ac;e 

DVDT'DE E:Y r' 

SI (.IRE MSB Qi.luTIFN'I 
BE' I t .SB OF VOI. TAti:: 

DT'..'TDE BY 2 O -I Jl. I CARRY .TN> 
STORE I..SB Ql.lOl TEMT 

AI.1D Fni-< 1 5 s(::a(..e factor 

LSB ADD 

STORE LSE! OF ALTIM OUTPUT 
MSB ADD 

STORE' MSB OF ALTIM OUTPUT 
GET EUASED AND SCALED VALUE 
DO D/A CONV FOR ALTIM OUTPUT 
GET ORIG TABI...E VALUE 
DO D/A FOR STRIP CHART 


GET TRACK VOLTAGE 

STORE FOR ERROR CAI...C 

D. P. SUBTR FOR ERROR CALC 

LSB SUBTR 

LSB ERROR 

MSB SUBTRACT 
MSB ERROIT 

GET F'lNAI. ERROR VAI.I.JE 
DO D/A FUR STFilP CHAFiT 


MAKE A SMALL MOV'T? 

MAKE A MEDIUM MOV'T? 

MAKE A LAR(5E MOV'T? 

LAFUILST POSS MOV'T 
GET d:i:ri;;:ct ION 
coMF-iiNi;:: 

STORE COMPLETED MOV'T 

LAR(5IL MOV'T 
GET DiFiin :i:oN 
comb:i:ne 

stof:;f: (:;oMr-i..ETFD mm 
MLDII.IM MOV'T 
GET DIRECT I OH 
COMBTME 

STOriL MtmXR MOV'T 

SMAU.EST POSS MOV'T 
GET [)IRECT;ICIN 
coMr;:a:NE 
STORE MOV'T 


OF NO DOT F'ASSES 
IF OF I.IME STABl.t- PASSF.S 



03530 00353A 
035'H) 0 035^tA 
03550 00355A 
03560 00 356 A 
03570 00 357 A 
03580 00358A 
03590 00359A 
03600 00 360 A 
036:1.0 0 0 361. A 
0362.0 Q0362A 
03630 00363A 
036^(0 0 036^tA 
03650 00365A 
03660 00 366 A 
03670 00367A 
036B0 00368A 
03690 00369A 
03/00 00 370 A 
03710 00371A 
03720 00372A 
03730 00373A 
037’'(0 0037^)A 
03750 00375A 
03760 00 376 A 
03770 00 377 A 
03780 00 378 A 
03790 00379A 
03800 00380 A 
03810 00381 
TOTAL ERROR'S 


5171 ADDl 
5005 BIAS 

51 FE BK 
5102 OHECK 
52FE OLCMO 
50A2 COLECT 
5000 CONO 
53D1 COUNT 1 
5;;!D5 COUNT'/ 
51-13 OCENTR 
5395 DDATA 
51F9 DIE 
5:;!i;;:3 tuff 
513E DISAB 
525A DXST 
53D6 DO! 

509D DRIUE 
5:i03 DUMMY 

53E9 ERl 
53EB El^2 
5J!ED Ef^;f-:OR 
5069 Fii...T'i;;:i;; 
5037 fI..AG 
5291 FLACTl 
505B CO 
5259 COEiCK 
5179 HUNT 
53DF INF'.I.N 
53EA INSOUT 
50C1 JMP2 
513B JMP1 
5 IFF JUMP 
531 A LARGE 
5359 LOATA 
50 01 LCTMD 
5310 LOST 
53D8 I.T|:NE 
5:;)F3 I...OC 
53E1 LOCA 
5121 r1ARK2 
5131 MARK3 
53DA ri.'iX 
5003 MDMU 
5323 MFD 


4,391,514 
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533F: 

0 0 IE 

A 

5359 

0 03C 

A 

5395 

0 03c; 

A 

53D1 

0 0 0 1 

A 

53D2 

0 0 0 1 

A 

53D3 

0 0 02 

A 

53D5 

0 00 1 

A 

53D6 

0 0 02 

A 

53D8 

0 0 02 

A 

53DA 

0 0 02 

A 

5:;ii:)c 

0 0 0 1 

A 

53DD 

0 0 02 

A 

53DF- 

0 0 02 

A 

53E1 

0 0 02 

A 

53i;;:3 

0 0 02 

A 

53E5 

0 0 02 

A 

53E7 

00 02 

A 

53E9 

0 0 02 

A 

5:;!i:;:f;i 

0 0 02 

A 

S3i;:i:> 

0 0 02 

A 

53f:;f- 

0 0 02 

A 

53F-1 

0 0 02 

A 

53F3 

0 0 02 

A 

53F-'5 

0 0 0 1 

A 

53F6 

0 0 02 

A 

53F-8 

00 02 

A 

53F-A 

0 0 02 

A 

53F"C 

39 


0 0 0 0 0 

-- 0 0 000 



WDATA 

RMB 

30 

L.DA'l' A 

F?MB 

60 

DDAI'A 

RMB 

60 

COUNT' 1 

RMI3 

1 

NUMBl 

RMB 

1 

DUMMY 

rmi;;i 

2 

COUNT'2 

FtMFi 

1 

DOT' 

RMB 

2 

li:ne 

RMFIi 

2 

MAX 

RMB 

2 

WDCN'T' 

RME; 

1 

ZEFJO 

RMB 

2 

INF'IN 

RMB 

2 

I...OCA 

RMB 

2 

DIFI- 

RMB 

2 

•T'EMF^'l 

RMB 

2 

T'ADD 

RMB 

2 

ERl 

RMB 

2 

c;:f<2 

FSMB 

2 

i;;:f;:f?or 

f(mi;;i 

2 

MIRAD 

RMCii 

2 

'T'OF-SE'I' 

RMB 

2 

I..OC 

RMB 

2 

MM 

FiMB 

1 

t'f:mf:'2 

RMB 

2 

T i;;:mf7;) 

RMB 

2 

:i:NGOi.n' 

RMB 

2 

RE'Tl.) 

RTS 

END 



n:t:i:)im oi~ T)Ot tiata 
ras'T't;;k i..xne # dat a 

DXi;>H...Ai;;EMEN'T' DATA 

* OF' COl.l..EC;'T l-’ASSr-S 

DUMMY TXMIE PAD VAR. 
i 01- l,X.NES W'll'H A GOOD DOT 
i...o(::a'T':i:on of' i:)ot center 
'T'EMT> STORE FOR DOT' CENTER 
SAME AG ABOVE , 

» OF lxne;:s h/ a good T)ot 
MIRROR V(.)I...'T'AGI=: (i! DXS'T'”0 
MlIRl'iOR VOI...'T'AGE & D=INF'1:N 

ci.iri:i'ii;i:NT' voi...tage of m:i:p^ror 

DlfX" £|!E'I'H L..OCA AND GOAL 
•T'EMP filEG FOR MOV'T CALC 
TAi::ii...E Ai:)[)f<rri:jG 
SYSTEM ERROTi VAR 1 
SYSTEM EF5ROR VAR 2 
RESULTANT SYSTEM ERl'ilOR 
MIRT^OR VOI...TAGE f-OR DliS'I' 

tabu;: off-set <i;:has) 

* OF LINES OF1-- CONVERGE 
MOTOR MOVEMi;;.'N'T' 

I'EMF-' FJFi; FOR D.TS'T' CAI..C 
TEMP F<EG R:)I3 D:i:!:>'I CAI...C 
AL.'T'IME'I E:R output V0I...'T'AGE 


00153 00155* 

00013*00289 00292 

00216 00217* 

001 07*0 0137 
00237 00252 00321* 

0 0 015 0 0 0/3*0 01,'.3 0 0189 
00009*00061 002.22 00225 
00077 00100 00101 00356* 

00120 00135 00138 00359* 

00138* ■ 

00076 00130 00131 00112 00355* 

00215* 

00175 00176 00198 00201 00202 00367* 

00136* 

0 0 069 0 0261X; 

00101 00117 00150 00151 00155 00157 00161 00190 00223 00226 00360* 
00071* 

00087 00088 
0 0 099 oo:; 

0 030? 

0 0316 
0 0320 


:!* 


0 031 
0 0319 
0 0321 


0 0 079 
00109 
0 0 075 
0 0203 
0 0172 
0 0119 
0 0 016 
0 0 017 
0 0 065 
0 0 086 
0 0 098 
0 0287 
0 0311 
0 0317 
0 0 050* 

00031*00037 
00281 00285X( 
00015*000'51 00057 
00230 00232 00218 
00059 00159* 

00160 00197 00200 
00303 00306 00307 
00081*0 0102 
00121 00135* 

00165 00191 00218* 
00330 00336* 

00073 00071 00121 
00012x:0 0329 
0 0331* 

00111 00115 00118 
00221 00227 00229 
0 016':> 0 0170 00173 
0 0121* 

00 130* 

00113 00362* 

0 0 01 1 *|H)32,' 

003?s:j 00310* 


00089 00090 00091 00092 00093 00091 00095 00096 00097 


00318 00370* 
0 0371* 

0 0372* 


00060 00067 00070 00072 
0 0263* 

00365* 

0 0379* 


00128 00110 00351* 


0 0361* 

00233 00219 
00195 00196 


0 0251 
0 0199 


00321 00375* 
00366* 



51BF MINFIN 
53EF MIRAD 
53F5 MM 


4,391,514 
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5200 MOVE 
MVDN 
523f" MVUP 
5185 MZERO 
5302 NIJMD;:! 
50-18 OUTI..OP 
50FF READ 
53FC RETU 
508-1 FilJN 
507C BEND 
5095 SETl 
S32D SMALL 
5002 SMMV 
5070 STAl 
533A STABLE 
5339 STBl 


0017/ 0Q189!i<0 02lO 
002A7 00268 00271 
002.28 00236 0 02.-16 
00376* 

00071 00222* 
00235* 

0 023-'* 002-'»9* 
00163*00188 
00078 00357* 

00033 00038* 

00085 00106* 
00380* 

00052 00061* 

00055 00058* 

00062 00068* 

0 0326 003^F5* 
00010*00325 
0 0 0-18 00 053* 

00038 00061 00066 

00039 00019 00051 


53E7 TADD 00369* 

53E5 TEMPI 00368* 

53F6 TEMP2 00286 00288 00290 
53F8 TEMP3 00297 00300 00302 
53F1 TOFSET 00270 00273 00271 
5337 VARI 00350* 

533B WDATA 00353* ' ' 

53DC WDCNT 0 0139 001-11 00116 


53DD ZEFiO 0 0162 00171 0 0171 


00373* 

00261 00332 00331 00337 00339 00311 00313 00316 00318 


00068 00352* 

00056 OOOSa 00351* 


00291 00293 00295 00298 00301 00305 00377* 

00301 00378* 

00275 00276 00277 00278 00279 00280 00282 00283 00371* 


00363* 

00361* 


I claim: 

1. In a method for determining the altitude of a flight 
simulator probe moving relative to and above the ter- ^0 
rain of a flight simulator model wherein the imaginary 
line extending from the probe in a direction normal to 
the model is characterized as the probe plumb line, the 
steps of: 

directing a pencil-like beam of radiation from said 
probe onto the model keeping said beam within a 
plane containing said probe plumb line to produce 
a beam spot on said model; 

detecting the location of said beam spot relative to ^ 
two orthogonal coordinates with a detector situ- 
ated remote from said probe plumb line and having 
a linear sensitivity zone optically aligned with said 
probe plumb line; 

varying the angular orientation of the beam within 45 
said probe plumb line plane and relative to a refer- 
ence plane so as to cause said beam spot to impinge 
on the model site intersected by said probe plumb 
line; 

determining the angular orientation of the beam rela- 50 
tive to said reference plane; and 

utilizing the determined angular orientation of said 
beam to determine the altitude of said probe over 
the terrain of the model. 

2 . The method of claim 1 including the step of, direct- 55 
ing a second beam of radiation onto the terrain of the 
model from a position on the probe angularly spaced 
from the position of the first beam taken about an axis of 
revolution generally coaxially of said probe plumb line; 
and detecting the second beam spot when said first ^ 
beam spot is obstructed by the terrain from reaching the 
intersection of the model and the probe plumb line. 

3. The method of claim 1 wherein said beam of radia- 
tion is a beam of monochromatic, collimated light. 

4. The method of claim 1 wherein the step of detect- 
ing the beam spot includes the step of directing a beam 
spot image through a light pipe on a path between the 
beam spot and the detector. 


5. The method of claim 2 wherein the step of direct- 
ing the second beam of radiation onto the terrain in- 
cludes the step of splitting off of the first beam a portion 
of its energy to produce said second beam. 

6. In a flight simulator apparatus of the type where a 
probe simulates an aircraft and the simulator operator 
controls the motion of the probe relative to the terrain 
of a model while viewing said model via a video moni- 
tor on said probe: 

means for directing a pencil-like beam of radiation 
from the probe onto the terrain of the model to 
produce a beam spot on the model where the beam 
impinges on the model, an imaginary line extending 
from said probe normal to said model being known 
as the probe plumb line; 

means supported by said probe for detecting the loca- 
tion of said beam impingement on said model, said 
means being remote from said probe plumb line, 
being two-dimensionally sensitive, and having a 
linear sensitivity zone in optical alignment with 
said probe plumb line; 

servo means coupled to said beam directing means 
and said detecting means for varying the angular 
direction of the beam in a plane containing the 
probe plumb line and maintaining the beam spot on 
the model at the site where the probe plumb line 
intersects the model; 

means for determining the angular orientation of the 
beam relative to a reference plane; and 

means for utilizing the determined angular orienta- 
tion of said beam to determine the distance be- 
tween said probe and said model measured along 
said probe plumb line. 

7. The apparatus of claim 6 including: 

means for directing a second beam of radiation onto 
the terrain of the model from a position on the 
probe angularly spaced from the position of the 
first beam taken about an axis of revolution gener- 
ally coaxial of said probe plumb line; and 

means for detecting the second beam spot when said 
first beam spot is obstructed by the terrain from 
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reaching the model site intersected by the probe 
plumb line. 

8. The apparatus of claim 6 wherein said means for 
directing a pencil-like beam of radiation includes means 
for directing a pencil-like beam of monochromatic, 
collimated light. 

9. The apparatus of claim 6 including light pipe means 
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for directing an image of said beam spot to said detect- 
ing means. 

10. The apparatus of claim 7 including beam splitter 
means for splitting off a portion of said first beam to 

5 produce said second beam. 

11. The apparatus of claim 6 wherein said detecting 
means includes a video camera. 
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